Background and aim: Recent studies suggest that liver steatosis in chronic hepatitis C may be the expression of a direct cytopathic effect of hepatitis C virus (HCV), particularly in patients infected with genotype 3. To investigate this hypothesis, we studied the relationship between steatosis evolution and HCV clearance after antiviral treatment in patients with chronic hepatitis C and paired liver biopsies. Methods: A total of 151 patients (37 with HCV genotype 3; 114 with HCV non-3 genotypes) were selected according to the following criteria: presence of steatosis at initial biopsy; no antiviral treatment prior to the first biopsy; antiviral treatment received between the two biopsies; body mass index (BMI) ,28 kg/m 2 ; absence of excessive alcohol intake; no serum hepatitis B surface antigen or human immunodeficiency virus antibodies; and absence of diabetes mellitus. Evolution of steatosis was examined by comparing steatosis grades between the two biopsies. Results: Twenty five patients (16.5%) were sustained virological responders (SVR) to antiviral treatment. Steatosis evolution after antiviral treatment was as follows: improvement in 36% of cases; stability in 51%; and worsening in 13%. Steatosis improvement was significantly more frequent in SVR than in nonresponders (NR) (64% v 31%; p,0.004). This significant difference occurred in patients infected with genotype 3 (91% v 19%; p,0.0001) but not in those infected with non-3 genotypes (43% v 34%; NS). Among the 25 SVR, improvement in steatosis was significantly more frequent in patients infected with genotype 3 than in those infected with non-3 genotypes (91% v 43%; p,0.04) whereas in NR, improvement in steatosis did not differ between those infected with genotype 3 and non-3 genotypes (19% v 34%; NS). In multivariate analysis, four factors were independently associated with steatosis improvement: sustained virological response to antiviral therapy (odds ratio (OR) 6.06 (95% confidence interval (CI) 1.61-22.9); p = 0.01), severe steatosis (OR 5.50 (95% CI 1.54-19.6); p = 0.01), HCV genotype 3 (OR 2.90 (95% CI 0.85-10.0); p = 0.07), and BMI .25 kg/m 2 (OR 0.24 (95% CI 0.08-0.73); p = 0.02). Conclusions: Our results showed significant improvement in steatosis in patients infected with HCV genotype 3, who achieved sustained viral clearance. This provides further evidence for direct involvement of HCV genotype 3 in the pathogenesis of hepatic steatosis.
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14 Conversely, given the high prevalence of steatosis in the general population, 15 the role of host factors such as obesity, diabetes mellitus, and alcohol intake is also likely. 16 Although two cases of steatosis disappearance after HCV eradication 4 and one case of steatosis recurrence after relapse of HCV infection 17 have been reported in patients with genotype 3 infection, evolution of steatosis after antiviral therapy has not been rigorously investigated. In a recent study involving a relatively small number of patients, it was suggested that viral clearance after antiviral therapy could be associated with disappearance of steatosis from the liver, at least in patients with no other risk factor than HCV. 18 We addressed the hypothesis that hepatic steatosis is related to HCV replication in patients with chronic hepatitis C, particularly those infected with HCV genotype 3. To investigate this, we studied the effect of antiviral therapy on steatosis in relation to sustained viral clearance in a series of 151 patients with chronic hepatitis C and paired liver biopsies.
PATIENTS AND METHODS

Study population
Between March 1996 and October 2000, 660 consecutive patients with HCV infection (defined by positive serum antibodies to HCV by means of a second or third generation HCV enzyme linked immunosorbent assay (Ortho Diagnostic, Raritan, New Jersey, USA) and detectable serum HCV RNA (Amplicor HCV; Roche Molecular Systems, Pleasanton, California, USA) had a liver biopsy performed in our department.
A total of 151 of these patients were selected for study of steatosis evolution under antiviral therapy on the basis of: (1) the presence of steatosis (involving more than 10% of hepatocytes) at initial biopsy; (2) no antiviral treatment prior to the first biopsy; (3) at least two liver biopsies available; (4) antiviral treatment received between the two biopsies (that is, interferon-alpha or peginterferon-alpha with or without ribavirin); (5) absence of serum hepatitis B surface antigen or human immunodeficiency virus antibodies; (6) body mass index (BMI) ,28 kg/m 2 ); (7) absence of excessive alcohol intake (,50 g/ day) during the six months prior to the first biopsy 19 ; and (8) no history of diabetes mellitus.
The following epidemiological data were obtained from all patients: age at diagnosis, sex, source of infection (transfusion, intravenous drug use, other source, unknown source), age at exposure and duration of infection in patients with a known risk factor (calculated as the interval between the presumed date of infection and date of diagnosis), interval between the two biopsies, and time from the end of antiviral treatment to the post-treatment biopsy.
Definition of the response to antiviral therapy
Patients with both normal alanine aminotransferase (ALT) levels and undetectable serum HCV RNA six months after interferon withdrawal were considered sustained virological responders (SVR). The remaining patients were considered non-responders (NR).
Virological tests
Serum antibodies to HCV were detected by means of a second or third generation HCV enzyme linked immunosorbent assay (Ortho Diagnostic), according to the manufacturer's instructions. All of these tests were routinely performed at the time of the first visit to our unit.
HCV genotype was determined in all patients using a line probe assay (Inno-LiPA HCV II; Innogenetics, Ghent, Belgium). Genotypes were classified according to Simmonds and colleagues. 20 HCV RNA was determined in all patients using a commercial assay (Amplicor HCV; Roche Molecular Systems) at the time of the first biopsy, before initiation of antiviral treatment, and six months after treatment discontinuation.
HCV viral load was determined by means of the second generation branched DNA assay (Quantiplex HCV RNA 2.0; Bayer Diagnostics, Emeryville, California, USA) on stored serum samples at the time of the first biopsy.
Histological studies and steatosis evaluation Liver biopsy specimens of more than 10 mm in length were fixed in formalin, paraffin embedded, and stained with haematoxylin-eosin-safran, or picroSirius red for collagen and Perls' technique for iron. Paired biopsy samples were read by the same pathologist (ESZ) who was unaware of patient demographic, clinical, and virological data or of the timing and sequence of the biopsy specimens.
Steatosis was graded on the two liver biopsies according to the Metavir classification system, 21 22 as previously validated: 7 none; mild (involving less than 10% of hepatocytes); moderate (involving 10-30% of hepatocytes); and severe (involving more than 30% of hepatocytes). Evolution of steatosis was assessed by comparing the grades between the two biopsies: improvement was defined as a decrease of at least one grade; worsening was defined as an increase of at least one grade; and stability was defined as identical steatosis grades.
Statistical analysis
Descriptive statistics are shown as means (SD). One way analysis of variance (ANOVA) or the Mann-Whitney test was used when necessary for statistical comparison of quantitative data. The x 2 test or Fisher's exact test was used for qualitative data. A p value ,0.05 was considered significant. Given the small size of the sample, comparisons were between patients with improvement of steatosis and those with stability or worsening of steatosis.
To assess the independent value of each parameter related to steatosis improvement in the univariate analysis (p,0.1), a multivariate analysis was performed by means of a stepwise logistic regression analysis. All analyses were performed using BMDP statistical software (BMDP statistical software Inc, Los Angeles, California, USA).
RESULTS
General characteristics of patients at the time of the first biopsy Patient characteristics are shown in table 1. They were 111 males and 40 females, with a mean age of 42.9 (11.4) years. Routes of transmission were blood transfusion in 35.1% of cases, intravenous drug use in 26.5%, and other or unknown in 38.4%. Thirty seven patients (24.5%) were infected with genotype 3 whereas 59.6% were infected with genotype 1, 11.3% with genotype 2, and 4.6% with genotype 4. According to our classification, steatosis was mild in 55.0% of cases, moderate in 21.2%, and severe in 23.8%. Severe steatosis was significantly associated with HCV genotype 3 (p = 0.0003). Nine patients (eight with non-3 genotypes) had evidence of more severe histological lesions of steatohepatitis.
Most patients were treated in therapeutic trials with different regimens: 125 were treated for 6-12 months with interferon-alpha alone (3-6 million units (MU) three times per week), 23 were treated for 6-12 months with interferonalpha (3-6 MU thrice per week) plus ribavirin (1000-1200 mg/day according to body weight), and three were treated for 6-12 months with peginterferon-alpha (1.5 mg/kg once weekly) and ribavirin (1000-1200 mg/day according to body weight). The cumulative dose of interferon-alpha received was 325 (177) MU (range 108-820) with a mean duration of 7.6 (3.1) months (range 3-12). Dose and duration of interferon-alpha treatment did not differ between patients infected with genotype 3 and those infected with non-3 genotypes (table 1) . Overall, 25 patients (16.5%) achieved sustained viral clearance. Eleven were infected with genotype 3 whereas 10 were infected with genotype 1 and four with genotype 2.
Relationship between steatosis evolution and viral clearance after antiviral therapy The mean interval between the two biopsies was 24.6 (10.4) months and the mean time from the end of antiviral treatment to the post-treatment biopsy was 12.3 (8.7) months. This did not differ between SVR and NR patients (9.6 (3.2) v 13.2 (9.2), respectively; NS), or between patients infected with genotype 3 and those infected with non-3 genotypes (12.9 (11.5) v 12.2 (7.6), respectively; NS). Steatosis evolution after antiviral treatment was as follows: improvement in 36% of cases, stability in 51%, and worsening in 13%. Steatosis improvement was significantly more frequent in SVR than in NR (64% v 31%; p,0.004) (fig 1) . Among SVR, mean pretreatment BMI did not differ between patients in whom steatosis improved or disappeared and those in whom it did not (23.9 (3.0) v 24.2 (2.7) kg/m 2 , respectively; NS). In addition, mean post-treatment BMI did not differ from mean pretreatment BMI (23.8 (2.7) v 24.2 (3.0) kg/m 2 , respectively; NS). Similarly, although posttreatment alcohol intake was lower than before treatment (9.4 (11.2) v 10.8 (12.9) g/day, respectively), the difference did not reach statistical significance.
Relationship between steatosis evolution and viral clearance according to HCV genotype In patients infected with HCV genotype 3, almost all SVR improved their steatosis, and steatosis improvement was significantly more frequent in patients who achieved a sustained virological response than in those who did not (91% v 19%; p,0.0001) (fig 2) . Conversely, in patients infected with non-3 genotypes, improvement in steatosis did not differ between patients who achieved a sustained virological response and those who did not (43% v 34%; NS) (fig 2) . Among the 25 patients who achieved a sustained virological response, improvement in steatosis was significantly more frequent in genotype 3 than in non-3 genotypes (p,0.04). In patients who did not clear HCV, improvement in steatosis did not differ according to the HCV genotype. Figure 1 Relationship between steatosis evolution and sustained virological response to antiviral therapy in the 151 patients studied. Improvement was defined as a decrease of at least one grade between the two biopsies; stability was defined as identical grades between the two biopsies; and worsening of steatosis was defined as an increase of at least one grade between the two biopsies. SVR, sustained virological responders; NR, non responders.
DISCUSSION
The pathogenesis of steatosis in chronic hepatitis C is confused by the probable existence of two distinct entities: (a) steatosis secondary to common causes such as obesity, diabetes mellitus, or alcohol intake, and (b) steatosis without known risk factors, presumably in part related to HCV. The results of the present study, which was conducted in this latter subset of patients, show a significant relationship between steatosis evolution and viral clearance after antiviral therapy. Although the therapeutic schedule used in the majority of these patients (interferon alpha monotherapy) is no longer the standard of care, the occurrence of SVR versus persistent replication is a relevant model for the study of virus related versus non virus related steatosis. Steatosis improvement was significantly more frequent in SVR than in NR (64% v 31%, respectively; p,0.004), and this was observed almost exclusively in those infected with genotype 3 where the difference in steatosis improvement between patients who cleared the virus and those who did not was great (91% v 19%). In addition, multivariate analysis showed that four factors were independently associated with steatosis improvement, including sustained virological response, initial severe steatosis, genotype 3, and BMI. This finding is a very strong argument in favour of direct involvement of HCV in the pathogenesis of hepatic steatosis. It is in keeping with data from Rubbia-Brandt et al who showed that viral clearance was paralleled by the disappearance of steatosis in two patients treated with interferon-alpha, 4 with another study 5 reporting an overall decrease in hepatic steatosis in patients achieving a sustained virological response (but given the small number of patients, no genotype specific relationship could be proved), and the recent report of disappearance or reduction in steatosis in 12 selected patients undergoing antiviral therapy who achieved a sustained virological response. 18 It must be stressed that, in the present study, steatosis evolution after antiviral therapy was assessed in a large series of patients carefully selected among nearly 700 patients followed in our centre with thorough virological characterisation, by a single pathologist, using a validated and reproducible scoring system. 21 22 Potential confounding variables such as loss of weight or decrease in alcohol intake could account for the improvement in steatosis in SVR infected with genotype 3. However, this hypothesis is unlikely because (a) patients with a BMI .28 kg/m 2 or excessive alcohol intake prior to treatment initiation were excluded and (b) there was no significant change in BMI or alcohol intake between the pre and posttreatment biopsies among SVR. Moreover, the time elapsed between the end of treatment and the post-treatment liver biopsy, another factor that could influence steatosis changes, did not differ between SVR and NR or between patients infected with genotype 3 and non-3 genotypes.
Although this study provides strong evidence for a role of HCV genotype 3 in the genesis of steatosis, the mechanisms underlying steatosis in HCV genotype 3 infection remain to be identified. A role for the HCV core protein has been suggested: HCV core protein has been shown to interfere with lipid metabolism in cell cultures. 23 Two independently derived transgenic mouse lines expressing the HCV core protein 13 or structural and non-structural proteins 14 developed progressive hepatic steatosis with mitochondrial dysfunction and production of reactive oxygen species. 24 Additionally, it has recently been shown in another transgenic murine model that the HCV core protein was able to modify hepatic very low density lipoprotein assembly and secretion by reducing microsomal triglyceride transfer protein activity. 25 It should be stressed however that in contrast with infected humans, where steatosis is associated with genotype 3, all of these models have used constructs derived from HCV genotype 1 isolates. 26 Interestingly, in patients with genotype 3 infection, hypobetalipoproteinaemia was more commonly seen than in patients with genotype 1, and this has been proposed as a possible mechanism for steatosis. 5 In addition, a significant correlation between the severity of hepatic steatosis and the titre of intrahepatic HCV RNA was found in patients infected with HCV genotype 3. 4 However, analysis of the nucleocapsid of 14 HCV isolates failed to identify a sequence specifically 
